INTRODUCTION
============

Tuberculosis (TB) and acquired immunodeficiency syndrome (AIDS) are major global public health threats. One-third of the human immunodeficiency virus-1 (HIV-1)-infected population world-wide is estimated to be coinfected with *Mycobacterium tuberculosis* (*Mtb*).^[@R1]^ In 2013, there were 1.1 million incident cases and 0.36 million deaths of HIV-associated TB.^[@R2]^ India is a high-burden country for TB, with an estimated 2.1 million incident TB cases and 0.12 million incident TB cases in HIV-positive persons in 2013.^[@R2]^ HIV increases the risks of reactivating latent TB infection and of rapid TB progression after *Mtb* (re)infection,^[@R3]--[@R5]^ and, conversely, coinfection with *Mtb* leads to faster progression to AIDS.^[@R6]^

With early and strict implementation, antiretroviral therapy (ART) prevents TB disease, but the incidence in ART-stable populations remains higher than in HIV-negative populations.^[@R7]--[@R9]^ The only available TB vaccine, Bacille Calmette--Guérin (BCG), has variable efficacy against pulmonary TB^[@R10]^ and is contra-indicated in persons with impaired immunity. HIV-positive individuals would thus benefit from a safe and efficacious TB vaccine. Various candidate TB vaccines are in development and may be used in HIV-positive individuals.^[@R11],[@R12]^ To date, the efficacy in these populations was either not identified^[@R13]^ or achieved by administration of a relatively high number of doses (5) over 12 months.^[@R14]^ M72/AS01, a candidate vaccine under development to prevent TB disease, has been tested in *Mtb*-naive, HIV-positive ART-stable adults in a Phase I/II study in Switzerland,^[@R15]^ and in HIV-negative infants, adolescents, and adults.^[@R16]--[@R20]^ In the study in Switzerland, M72/AS01 was well tolerated, immunogenic, and did not negatively affect the HIV-1 viral loads (VLs), CD4^+^ T-cell counts (CD4 counts), or ART regimens of the participants. The next step in the clinical development plan was to evaluate the vaccine in a TB-endemic setting, in order to confirm the above results,^[@R15]^ and to test M72/AS01 in an HIV-infected ART-naive population.

This study evaluated the safety and T-cell-mediated and humoral responses of M72/AS01 in HIV-negative and HIV-positive adults aged 18 to 59 years living in India, which were either *Mtb*-primed or *Mtb*-naive. Three cohorts were enrolled (ART-stable, ART-naive, and HIV-negative \[control\]), each comprising an M72/AS01 group and a placebo group. Long-term safety and immunogenicity will be evaluated in a 3-year follow-up, of which the 1st year is described here.

METHODS
=======

Study Design and Objectives
---------------------------

The 1st period of this Phase II randomized, double-blind (observer-blind), and controlled trial (NCT01262976) was conducted from January 2011 to June 2013 at YRG CARE Medical Centre, VHS ("YRG CARE") in Chennai (India), a tertiary HIV care and research center, after approval by the YRG CARE Institutional Review Board and the Drugs Controller General of India. Written or thumb-printed and witnessed informed consent was obtained from all participants before study entry. Overall, Good Clinical Practices and the principles of the Helsinki Declaration were followed, and corrective/preventive actions implemented whenever potential or actual issues regarding the study\'s conduct were identified or brought to the sponsor\'s attention.

HIV-positive participants were recruited from patients registered for follow-up at YRG CARE clinic, and eligible participants were assigned to the ART-stable or ART-naive cohorts. HIV-negative participants were recruited from the general population. In each cohort, eligible subjects were randomized 1:1 using an internet-based block randomization (SASv8.2; SAS Institute Inc.) to receive 2 doses of M72/AS01 or placebo, 1 month apart, and were followed until 1 year postdose 2 (month 13).

Since this was the 1st time that M72/AS01 was evaluated in ART-naive individuals, vaccination was staggered in the ART-naive cohort: a subset of 20 subjects received dose 1, and blinded safety data (biochemistry/hematology, VL, CD4 count, HIV clinical staging, and adverse events \[AEs\] collected until 21 days post-dose 1) were reviewed by an independent local safety monitor and a sponsor safety review team. If no safety issues were observed, progression to dose 2 and further vaccination of the rest of the cohort was conducted.

Study Population
----------------

Participants aged 18 to 59 years had no past or current TB disease, no evidence of pulmonary pathology (active and/or acute or chronic pulmonary disease as confirmed by chest X-ray), no history of extra-pulmonary TB or chemotherapy for TB based on medical history, and clinical laboratory values that were considered acceptable by the investigator.

At screening, participants were tested by QuantiFERON-TB (QFT) Gold assay (Cellestis Ltd., Australia). HIV-negative volunteers were tested for HIV. CD4 counts and VLs of HIV-positive participants were measured. Nadir CD4 counts prior to ART initiation, previous BCG vaccination, and/or the presence of a BCG scar were documented.

HIV-positive subjects had been under medical care for at least 6 months. Eligible ART-stable subjects were stable on ART for at least 6 months before screening, and had CD4 counts ≥250 cells/mm^3^ and plasma VLs \<400 copies/mL at screening. Following the YRG CARE standard operating procedures, and in line with the national guidelines,^[@R21]^ subjects started with 1st-line ART regimens (tenofovir + lamivudineor emtricitabine + efavirenz or nevirapine; zidovudine + lamivudine + efavirenz or nevirapine; stavudine + lamivudine + efavirenz or nevirapine), while 2nd-line regimens (tenofovir + lamivudine or emtricitabine + atazanavir/r or lopinavir; zidovudine + lamivudine + atazanavir/r + lopinavir) were instituted in case of treatment failure. Eligible ART-naive subjects had never received ART after HIV diagnosis, were at screening not expected to commence ART within the subsequent year, had CD4 counts \>350 cells/mm^3^ (following the then current WHO recommendations for ART initiation^[@R22]^) and VLs within the range of 5000--80,000 copies/mL. TB preventive therapy was not administered to HIV-positive (or HIV-negative) subjects, since this was not routinely used in India at the time of the study.

Key exclusion criteria were acute or chronic pulmonary, cardiovascular, hepatic or renal abnormalities (as determined by laboratory screening or physical examination), pregnancy, lactation, or any condition/illness (acute/chronic/historical) or medication potentially interfering with immunogenicity or safety evaluations. Additional exclusion criteria for the ART-stable cohort were ART-regimen changes within 12 weeks before screening, and chronic drug therapy to be continued during the study (other than ART or prophylaxis for opportunistic HIV-related infections/symptoms).

Study Vaccines
--------------

The M72 antigen is a recombinant fusion protein derived from the immunogenic *Mtb* proteins Mtb32A and Mtb39A. These 2 proteins, which are also present in BCG, were shown to stimulate T-cell responses in healthy purified protein derivative-positive persons in vitro.^[@R23],[@R24]^ M72 (10 μg dose) was supplied as a lyophilized cake for reconstitution with the AS01~E~ Adjuvant System,^[@R25],[@R26]^ to a 0.5-mL dose volume. One dose of AS01~E~ (henceforth in this article referred to as AS01) contains 25 μg MPL (3-*O*-desacyl-4′-monophosphoryl lipid A), 25 μg QS-21 (*Quillaja saponaria* Molina, fraction 21) (Licensed by GSK from Antigenics Inc, a wholly owned subsidiary of Agenus Inc., a Delaware, USA corporation), and liposome. Controls received 0.5 mL saline (0.9% NaCl). Administration was by intramuscular injection in the deltoid muscle of the arm.

Safety and Reactogenicity Evaluation
------------------------------------

Solicited local (injection-site pain, swelling) and general (fever \[temperature ≥37.5 °C\], headache, fatigue, malaise, myalgia, and gastrointestinal symptoms) AEs were recorded for 7 days after each vaccination. Unsolicited AEs were recorded for 30 days after each vaccination. Serious AEs were recorded throughout the study. Biochemical/hematological parameters (complete blood count, creatinine, ALT, and AST) were recorded at screening, at vaccination, and 7 and 30 days postvaccination (days 0, 7, 30, 37, and 60). AE intensities were scored, with grade 3 (severe) AEs defined as preventing normal activity, swelling \>50 mm, or fever \>39.5 °C. ART-regimen adherence was monitored by the investigator throughout the trial.

CD4 counts were measured by Cytomics FC500 flow cytometer (Beckman Coulter), at screening, days 0, 30, 60 and months 7 and 13. HIV-1 RNA levels were measured at the same time-points and, for the ART-naive cohort only, also on days 7 and 37, by Abbott RealTime HIV-1 assay (Abbott Molecular; detection limit: 40 copies/mL).

Immunogenicity Evaluations
--------------------------

Blood samples for immunogenicity evaluations were collected at days 0, 30, and 60 and months 7 and 13, and, for cell-mediated immune (CMI) responses only, additionally on days 7 and 37. At YRG CARE, peripheral blood mononuclear cells (PBMCs) were isolated, frozen slowly to approximately −70 °C, then transferred to liquid nitrogen for storage, as previously described.^[@R18]^ Serum samples for humoral immunogenicity analyses were stored at −70 °C, until shipment to GSK\'s laboratories in Belgium for analyses. Transport conditions for the PBMC and serum samples were vapor-phase nitrogen (−196 °C) and dry ice, respectively. Upon arrival, PBMCs were stored at −196 °C and thawed in batches for analysis.

### CMI Responses

M72-specific CD4^+^ and CD8^+^ T cells expressing interferon gamma (IFN-γ) and/or interleukin 2 (IL-2) and/or tumor necrosis factor alpha (TNF-α) and/or CD40L were detected by intracellular cytokine staining (ICS) upon short-term in vitro stimulation of PBMCs, using a pool of 15-mer peptides (1.25 μg/mL) overlapping by 11 amino acids (Eurogentec s.a.) and covering the M72 sequence, as described previously.^[@R15],[@R17],[@R18]^ Results are presented as background-subtracted frequencies of M72-specific CD4^+^ and CD8^+^ T cells, expressing any combination of the above immune markers, evaluated using FlowJo software (Tree Star Inc.).

### Humoral Responses

M72-specific IgG antibodies were measured by enzyme-linked immunosorbent assay as described,^[@R17]--[@R19]^ with seropositive subjects having titers at or above the cut-off of 2.8 enzyme-linked immunosorbent assay units (EU)/mL. Seronegative subjects were assigned a value of 1.4 EU/mL. Anti-M72 seropositivity rates and geometric mean concentrations (GMCs) were calculated with 95% confidence interval (CI).

Statistical Methods
-------------------

Statistical analyses were conducted using SAS v9. Safety analyses were performed on all subjects with at least 1 administration of vaccine/control documented (the Total Vaccinated Cohort). Immunogenicity was analyzed for all participants not meeting elimination criteria during the study and for whom immunogenicity data were available (the According-To-Protocol cohort; Table S1).

Percentages of doses followed by at least 1 solicited local or general AE (any or grade 3) and by vaccine-related AEs were assessed, and proportions of subjects reporting an unsolicited AE were tabulated with 95% CI. All solicited local AEs were considered to be vaccine-related. Biochemistry/hematology values outside of the predefined reference ranges were assessed for clinical significance. Vaccine-induced humoral responses were compared between cohorts by Satterthwaite test. ICS results were compared between cohorts or between QFT-positive and QFT-negative subgroups by Wilcoxon rank-sum test, and between time-points within a cohort by Wilcoxon signed-rank test. Statistical significance was set at *P* \< 0.05.

RESULTS
=======

Population Demographics
-----------------------

Of the 240 subjects enrolled, 203 (97 M72/AS01 and 106 placebo recipients) completed year 1 (Figure [1](#F1){ref-type="fig"}). In the ART-stable, ART-naive and HIV-negative cohorts, 9, 3, and 11 M72/AS01 recipients, and 1, 4, and 9 placebo recipients, respectively, withdrew, predominantly because these subjects had migrated and/or were unavailable for follow-up at month 13. Two ART-naive recipients died of vaccine-unrelated diseases (described below). The majority of the study population were BCG-vaccinated, and the majority of the HIV-positive subjects were QFT-negative (Table [1](#T1){ref-type="table"}). Expectedly, nadir CD4 counts were higher in the ART-naive subjects than in ART-stable subjects. CD4 nadirs and counts at screening were comparable between the vaccine and placebo groups in both HIV-positive cohorts.

![CONSORT diagram of study flow. CW `=` consent withdrawal, not due to an adverse event, LTF `=` subject lost to follow-up and/or migrated from the study area, N or n `=` number of subjects who received the vaccine, Other `=` other reasons, SAE \[death\] `=` serious adverse event; subject died of a cause not related to vaccination, UC `=` subject unable to come to the site for the visit at the time-point given.](medi-95-e2459-g001){#F1}

###### 

Demographic Characteristics of the Total Vaccinated Cohort and Test Results Prior to Day 0

![](medi-95-e2459-g002)

Safety and Reactogenicity
-------------------------

Injection-site pain was the most commonly reported solicited local AE in both the HIV-infected and the HIV-uninfected comparative cohorts (Figure [2](#F2){ref-type="fig"}A). Irrespective of cohorts, after all doses, grade 3 pain was reported infrequently and only in the M72/AS01 groups (≤7.6%). Across groups and cohorts, the frequency of swelling (any intensity) after all doses was low (≤8.9%) and no grade 3 swelling was reported.

![Safety and reactogenicity including HIV-specific parameters. Percentage of doses with 95% CI followed by solicited local (A) and general (B) AEs reported within 7 days postvaccination are shown for all subjects for whom at least 1 administration of vaccine or control was documented (the Total Vaccinated Cohort). GI sympt.: gastro-intestinal symptoms. CD4^+^ T-cell counts (C) and HIV-1 viral loads (D) obtained from the Total Vaccinated Cohort were measured at screening (SCR), prior to each vaccination (D0 and D30), and 1, 6, or 12 months after the 2nd dose (D60, M7, M13). In addition, HIV viral loads were measured at 7 days post each dose (D7 and D37). The detection limit of the HIV-1 viral load assay was 40 copies/mL. AE `=` adverse event, CI `=` confidence interval, HIV `=` human immunodeficiency virus.](medi-95-e2459-g003){#F2}

Headache and fever were the most frequently reported solicited general AEs among the M72/AS01 vaccinees (with the highest frequencies in the HIV-negative cohort), and headache was also most frequently reported among the controls (Figure [2](#F2){ref-type="fig"}B). Grade 3 symptoms were infrequent or absent in the M72/AS01 groups, and in the placebo groups, the only grade-3 general AEs were headache and gastrointestinal symptoms, reported in the ART-stable and HIV-negative cohorts, respectively (1 subject each). There appeared to be no marked differences in the reporting rates of general AEs between the HIV-infected ART-naive and the ART-stable subjects, and incidences of the general AEs except fever and headache were similar between the 3 cohorts.

There were no clinically significant effects of vaccination on the median CD4 counts or VLs. Both parameters were comparable between the vaccine and placebo groups within each cohort, and remained relatively constant throughout the study (Figure [2](#F2){ref-type="fig"}C/D). Compared to the ART-stable cohort, lower median CD4 counts were reported in the ART-naive cohorts at all time-points, but VLs were higher in the ART-naive cohort.

The incidence of unsolicited AEs was generally comparable between the vaccine and placebo groups, and tended to be highest in the ART-naive cohort, followed by the ART-stable cohort and then the HIV-negative cohort (Table S2). Nasopharyngitis, back pain, headache, cough, decreased appetite, and pruritus were most frequently reported, without clear patterns between groups, and were all considered not clinically significant. No grade 3 unsolicited symptoms were reported. Vaccine-related unsolicited AEs (injection-site pain and arthralgia among HIV-negative subjects, and injection-site induration among ART-stable subjects; one subject per AE) were rare in the vaccine group and not reported in the placebo group.

Serious AEs were reported by 5 HIV-positive M72/AS01 recipients (of whom 3 were ART-naive) and none of these were vaccine-related (Table S3). Two ART-naive subjects died, one of a myocardial infarction due to underlying diabetes mellitus, and the other of postoperative complications following hemorrhoids surgery.

Although there were some fluctuations in the levels of hematological or biochemical parameters over time, no clinically relevant changes or vaccine-related trends were observed (data not shown).

Adherence to ART and Impact on HIV Status
-----------------------------------------

No vaccine-related changes in the participants' ART regimens were reported. Two vaccinees (1 at day 37 \[planned\] and 1 at month 13), and 3 placebo recipients (all at month 7) changed their regimen due to ART toxicity.

Self-reported ART adherence was assessed over the month preceding each visit. Full adherence was reported in both groups, with the exception of 4 vaccinees and 2 placebo recipients, who had missed at least 1 dose each. One ART-naive placebo recipient initiated ART at month 12.

T-Cell-Mediated Responses to M72/AS01
-------------------------------------

M72-specific CD4^+^ T cells expressing the immune markers CD40L, IL-2, TNF-α, and/or IFN-γ were assessed by ICS (Figure S1).

Several subjects in both groups exhibited preexisting M72-specific CD4^+^ T cells expressing at least 2 markers (Figure [3](#F3){ref-type="fig"}A). After administration of placebo, no increase in the median responses was observed until 1 year postvaccination. In contrast, 1 dose of M72/AS01 induced already at day 7 a modest increase in the median response in each cohort. After the 2nd dose, at day 37, these responses had increased further to levels exceeding those at day 7, and persisted in each cohort at month 13, albeit at lower levels (*P* \< 0.001 vs prevaccination). Vaccine-induced responses in the ART-stable cohort were significantly higher compared with those in the ART-naive cohort from day 30 onwards, and compared with those in the HIV-negative cohort from day 60 onwards. Median responses were significantly higher in the HIV-negative cohort than in the ART-naive cohort at all postvaccination time-points except days 37 and 60.

![M72-specific CD4^+^ T-cell responses following vaccination with M72/AS01. Blood samples were obtained prior to each vaccination (D0 and D30), at 7 days post each dose (D7 and D37), and at 1, 6, or 12 months after the 2nd dose (D60, M7 and M13). Data from all subjects (A) and from all M72/AS01 vaccinees presented according to their QFT status (B) are reported as the percentages of M72-specific CD4^+^ T cells expressing (after in vitro stimulation) at least 2 immune markers among IFN-γ, IL-2, TNF-α, and CD40L of all CD4^+^ T cells, with 1st and 3rd quartiles, and the minimum/maximum values measured. Statistical analyses were performed by the Wilcoxon rank-sum test (level of significance *P* \< 0.05). IFN-γ `=` interferon gamma, IL-2 `=` interleukin 2, QFT `=` QuantiFERON-TB, TNF-α `=` tumor necrosis factor alpha.](medi-95-e2459-g004){#F3}

To assess whether previous *Mtb* infection had been a determining factor in the response magnitude, M72-specific CD4^+^ T-cell responses were also evaluated according to the subjects' QFT status at screening (Figure [3](#F3){ref-type="fig"}B).

Among the HIV-positive subjects, regardless of their ART status, vaccine-induced median CD4^+^ T-cell frequencies were significantly higher in QFT-positive than in QFT-negative subjects after dose 1 (days 7 and 30), but comparable between the QFT subgroups at subsequent time-points. No significant difference in vaccine-induced responses between QFT subgroups was seen in the HIV-negative cohort. In all groups except the ART-stable QFT-positive group, there was a trend for higher median responses after dose 2 (at day 37) versus after dose 1 (at day 7), which most obvious among the QFT-negative groups.

Characterization of immune-marker expression showed that in each cohort, the vast majority of vaccine-induced CD4^+^ T cells were polyfunctional (coexpressing at least 2 immune markers) up to at least 1 year postvaccination (Figure [4](#F4){ref-type="fig"}). Mainly CD40L^+^ IL-2^+^, single-positive CD40L^+^, CD40L^+^ IL-2^+^ TNF-α^+^, and quadruple-positive T-cell subsets were induced. At prevaccination, the degree of CD4^+^ T-cell polyfunctionality was higher in HIV-negative versus HIV-positive subjects, however from day 7 onwards the polyfunctional profiles were comparable between cohorts.

![Immune-marker expression profiles following vaccination with M72/AS01. Phenotypes of M72-specific CD4^+^ T cells expressing (after in-vitro stimulation) single markers and any combination of TNF-α, IFN-γ, IL-2, and CD40L are shown. Box-and-whiskers plots represent the percentages of CD4^+^ T cells with 1st and 3rd quartiles, and the minimum/maximum values measured. Pie charts represent the mean proportions of cells expressing (after in-vitro stimulation) single markers and any combination of TNF-α, IFN-γ, IL-2, and CD40L marker-positive CD4^+^ T cells out of the total immune marker-expressing CD4^+^ T-cell response, at days 0, 7, 30, 37, 60 and months 7 and 13. Pie sizes reflect the mean frequencies (%) of total CD4^+^ T cells producing at least one marker, relative to the other time-points in the same cohort. IFN-γ `=` interferon gamma, IL-2 `=` interleukin 2, TNF-α `=` tumor necrosis factor alpha.](medi-95-e2459-g005){#F4}

Cytokine expression profiles were also analyzed according to the QFT status of the subjects (Figure S2A/B). In both HIV-positive cohorts, the degree of polyfunctionality of the responding CD4^+^ T-cells tended to be higher in QFT-positive subjects after the 1st dose (days 7 and 30), but was comparable between the QFT subgroups at later time-points. No difference in profiles by QFT status was seen in the HIV-negative cohort.

No vaccine-induced CD8^+^ T-cell responses were observed (peak medians were 0.02%).

Due to problems during shipment by the courier, some samples had thawed upon arrival and were consequently lost. Therefore, for some subjects, samples were unavailable for CMI analysis for 1 or more time-points (Figure [3](#F3){ref-type="fig"}A). Post-hoc analyses showed that the T-cell-mediated responses for subjects with data available for each time-point were comparable to those for the According-To-Protocol cohort (data not shown).

Anti-M72 IgG Responses
----------------------

No responses were observed with placebo (data not shown). At the time-points measured, vaccine-induced responses peaked at day 60 and persisted at month 13 in each cohort (Figure S3). GMCs in HIV-negative subjects were significantly higher compared with GMCs in ART-naive subjects at all postvaccination time-points, and with GMCs in ART-stable subjects at day 30. GMCs were also significantly higher in ART-stable subjects than in ART-naive subjects at months 7 and 13. In each cohort, at least 81% of the M72/AS01 vaccinees were seropositive for anti-M72 antibodies at month 13.

DISCUSSION
==========

In HIV-infected subjects, even when they are on ART, cell-mediated and humoral responses to vaccination can often be impaired.^[@R27]--[@R29]^ We evaluated M72/AS01 for the 1st time in ART-naive subjects, and in HIV-positive participants in a TB-endemic region. As also reported for ART-stable subjects in Switzerland,^[@R15]^ M72/AS01 was clinically well tolerated and did not negatively affect the participants' ART-regimens, VLs or CD4 counts. In each cohort, M72/AS01 induced persistent responses of M72-specific antibodies and polyfunctional CD4^+^ T cells. Thus, irrespective of their ART status, HIV-positive subjects can mount an immune response to M72/AS01.

Previously, we conducted a 3-year safety and immunogenicity follow-up in HIV-negative adults in a TB nonendemic region with a different M72/AS01 formulation.^[@R18]^ The current results and those of the next 2 years of follow-up will collectively comprise the 1st long-term data in HIV-negative and HIV-positive adults in a TB-endemic region, for the current M72/AS01 formulation. The 1st year postvaccination results show that M72/AS01 had an acceptable safety profile in ART-naive and ART-stable adults (similar to observations with another AS01-adjuvanted protein vaccine^[@R30]^), as well as in HIV-negative adults. In addition, we demonstrate that 2 doses can provide CD4^+^ T-cell responses persisting for up to 1 year in each of the study populations assessed. The next 2 years of follow-up will provide more definite results on the longevity of these responses. It is noteworthy that in a long-term study with the MVA85A vector-based TB candidate vaccine, antigen-specific T-cell responses (in IFN-γ ELISpot) persisted for 3 to 5 years after vaccination in ART-stable vaccinees, but were undetectable after this time-frame in ART-naive vaccinees.^[@R31]^

The magnitudes of vaccine-induced M72-specific CD4^+^ T-cell responses in the ART-stable cohort surpassed those in the ART-naive cohort up to 1 year postvaccination, and were overall comparable to those obtained with the same vaccine in ART-stable subjects in Switzerland.^[@R15]^ The latter is promising, given the potential exposure of the current subjects to environmental mycobacteria and helminths, which could interfere with the CMI responses to mycobacterial antigens.^[@R32]--[@R34]^ Given the high ART-adherence rates, and the relatively high CD4 counts of the ART-stable vaccinees (both nadir \[Q1--Q3: 167--269 cells/mm^3^\] and at screening \[466--834 cells/mm^3^\]), we assume that these subjects were not severely immunocompromised. This could explain the robust responses to M72/AS01 in this cohort. We have no clear explanation for the fact that after dose 2 (from day 60 onwards), responses in the ART-stable cohort were also higher than in the HIV-negative cohort, but we hypothesize that 2 possible nonexclusive effects may be underlying this result. First, assuming that the same number of CD4^+^ precursor memory T cells may be induced upon vaccination in HIV-negative and ART-stable subjects, and that the total number of CD4^+^ T cells was lower in the latter group, vaccination could result in a higher relative proportion of M72-specific CD4^+^ T cells per million CD4^+^ T cells in the ART-stable subjects. Alternatively or in addition, since ART can contribute to the specific replenishment of CD4^+^ T cells in the setting of HIV-induced lymphopenia,^[@R35]^ this can provide an environment for homeostatic proliferation with associated cytokine induction.^[@R36],[@R37]^ After vaccination, such environment might have led to higher expansion rates of the newly induced M72-specific CD4^+^ T-cell clones in the ART-stable subjects.

On average, 31% of the HIV-positive participants were QFT-positive, and presumably latently TB-infected. In the HIV-positive cohorts, responses of M72-specific CD4^+^ T cells were highest in QFT-positive subjects after 1 dose, suggesting that in these individuals, these cells had already been primed by natural *Mtb* infection. However, this difference between QFT subgroups was not observed anymore after the 2nd dose (from day 37 onwards), and, consistent with PBMC-based results from an M72/AS01 trial in HIV-negative adolescents,^[@R20]^ there was also no significant difference between QFT subgroups after the 2nd vaccination in the HIV-negative cohort.

No vaccine-induced M72-specific CD8^+^ T-cell responses were observed. This may be due to either the used technology (PBMC-based ICS assay), since transient M72-specific CD8^+^ T-cell responses were previously observed in HIV-negative subjects at 7 days postvaccination using a whole-blood-based ICS assay,^[@R19],[@R20]^ or to as-yet-unknown factors. The significance of Mtb-specific CD8^+^ T cells in protection against human TB remains unclear, but preclinical data suggest that these cells contribute to *Mtb* infection control (reviewed in ref.^[@R38]^). A protective immune response can only be defined from efficacy trial data.

Baseline CD4 counts in the ART-naive subjects (median ∼525 cells/mm^3^) were relatively high compared to the then current WHO-recommended cut-off for ART initiation of ≤350 cells/mm^3^, and approximated the presently recommended cut-off of ≤500 cells/mm^3^.^[@R39]^ The safety and immunogenicity of M72/AS01 in ART-naive subjects with CD4 counts below 350 cells/mm^3^ has therefore not been demonstrated, and, given the abovementioned currently recommended cut-off, may be difficult to demonstrate in an interventional trial.

Recent studies increasingly acknowledge a potential role of *Mtb*-specific antibody responses in the protection against TB.^[@R40],[@R41]^ Our results suggest that ART had a positive influence on the anti-M72 IgG response persistence, since they were more persistent in the ART-stable than in the ART-naive cohort. Because preservation of naive T-cell populations can enhance antigen-specific antibody responses (as observed for influenza vaccines^[@R42]^), early commencement of ART is likely essential for humoral responses. Consistently, the CD4 nadirs recorded for the ART-stable vaccinees were relatively high (median 220 cells/mm^3^), suggesting that for these subjects, ART had not commenced at very low CD4 counts.

Finally, we note that this was a Phase II study, and results will need to be validated in a confirmatory trial in a larger population.

CONCLUSIONS
===========

M72/AS01 was immunogenic in ART-stable, ART-naive, and HIV-negative adults in India, and well tolerated. We show that irrespective of their ART status, this population of HIV-positive subjects can mount cell-mediated and humoral responses to two M72/AS01 doses, which persist at 1 year post-vaccination.
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